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Abstract 
Due to the current necessity to obtain epitaxial superconductor films at low cost, we report the growth of YBa2Cu3O7 
(Y123) films by chemical deposition. The procedure involved simple steps such as precipitation of stoichiometric 
amounts of yttrium, barium and copper acetates in oxalic acid (H2C2O4). The precursor solution was dripped onto 
LaAlO3 (100) substrates with the help of a Fisher pipette. The films were annealed in oxygen atmosphere during 12 h 
at three different temperatures: 820 qC, 840 qC and 860 qC. After 820 qC and 860 qC annealing, X-ray diffraction 
(XRD) analysis revealed high intensity of the (00l) reflections denoting that most of the Y123 grains were c-axis 
oriented. In addition, we also observed a-axis oriented grains ((h00) reflexion), minor randomly oriented grains and 
other phases (such as Y2BaCuO5 and CuO). In contrast, the sample treated at 840 qC, we noticed c – and a-axis 
oriented grains, very small amounts of randomly oriented grains without formation of other phases. From the 
magnetization versus temperature measurements, the critical temperatures were estimated at 70K and 90K for the 
samples annealed at 820 ºC and 860 qC respectively. 
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1. Introduction 
The importance of low-cost products for the electronics industry has led to develop superconducting 
films that could be defined not only by its thickness but the mode of deposition [1]. In a previous work, 
we reported that it is possible to easily synthetize YBCO by using oxalate precursor and sol method [2]. In 
this paper, we report a simple technique to fabricate YBCO superconducting films by the deposition of 
YBCO precursors prepared with acetates following the Sol-Gel method and coating LaAlO3 substrates. 
2. Experimental 
YBa2Cu3O7 (YBCO) films were obtained by chemical deposition. The preparation started with the 
precipitation of stoichiometric amounts of yttrium, barium and copper acetates in oxalic acid (H2C2O4) in 
both situations first decanted and second in dispersion with a surfactant and finally filtering. The solutions 
were agitated in a magnetic stirrer at 250 rpm during 36 hours. After this process, the precursor solution 
was then carefully dripped onto LaAlO3 (100) substrates with the help of a Fisher pipette. The films were 
heated and sintered in oxygen atmosphere during 12 h in a tubular furnace (LENTON LTF-PTF Model 
16/610) at three different temperatures: 820 qC, 840 qC and 860 qC. The furnace was programmed to 
increase the temperature at 1 ºC/min rate until the required temperatures were reached, to keep constant 
during 12h, and finally to cool down at 1.4 ºC/min rate. The crystallization of the samples was studied by 
X-ray diffraction (XRD). The data were collected from 8º to 80º (0.02º step) using a powder universal 
diffractometer Bruker D8 with Cu KĮ1 radiation (O=1.54056 Å), Grazing incidence x-ray diffraction 
(GIXRD) was carried through PANalitycal X’Pert Pro MPD diffractometer by using the Cu-KĮ radiation 
at fixed glazing incident angle 0.5º and 2T range from 10º to 80º, with step size of '2T=0,05º. The -
Raman spectra were carried out by using a YAG laser (O=532nm) and RH800 Horiba Jovin-Yvon Raman 
spectrometer with CCD detector cooling by air in back-scattering configuration. The laser spot was 1Pm 
in diameter and the power was kept low as possible (0,5mW) to avoid the sample degradation. The 
surface morphology of the film was examined using scanning electron microscopy in a field-emission 
Phillips FEG-SEM microscope. The superconducting state of the samples was studied from their magnetic 
moment vs. temperature responses which were obtained in a DC Magnetic Property Measurement System 
(DC-MPMS-SQUID) from Quantum Design. The data were collected in Zero Field Cooling (ZFC) and 
Field Cooling (FC) modes. 
3. Results and discussions 
Fig. 1(a) shows the XRD of the films annealed at 820 °C, 840 °C and 860 °C. The presence of the 
peaks (002), (003), (005) and (006) reveal epitaxial growth in the c-direction. The (200) reflection 
indicates some crystallites growth in the a-direction. The (010) and (020) reflections indicate epitaxial 
growth in the b-direction. The grazing angle XRD is shown in Fig. 1(b), in which the intensity axes for 
820 ºC and 840 ºC are in logarithmical scale. The reflections (00Ɛ), (003), (005), (006) and (007) are 
better distinguished. The peak around 38.51º belongs to the reflection (005) (PDF2 89-6049 [3]) from 
which the “rocking curve” is applied to calculate the displacement degree of grains.  
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a)  
b) 
Fig. 1 a) XRD patterns of the films annealed at 820 °C, 840 ºC and 860 ºC. b) Grazing angle mode XRD.  
 
Fig. 2 illustrates the micro-Raman spectra of the samples synthesized at a) 820 ºC and b) 860 ºC taken on 
three arbitrary points on the sample surface. The spectra were taken at three different positions on the 
films. As we can see, the Raman scattering cross section of some secondary and precursor phases, such as 
CuO and BaCuO2, are higher than YBCO. These secondary phases were not detected by XRD but they 
are clearly distinguished by Raman [4]. Therefore, it was necessary to increase the sintering temperature 
in the YBCO films until to 860ºC to the complete synthesis of the BaCuO2 phase. Moreover, we have 
found in some points that the intensity of O(2,3)-B1g phonon mode at 330cm-1 is higher than the intensity 
of the O(4)-Ag phonon mode at 500cm-1, pointed out the c-axis epitaxial growth character of the YBCO 
film [5]. Moreover, the two lines at 229 and 575 cm-1 have been identified as the forbidden vibration 
modes of the copper and oxygen in the CuO chain layer (CD: chain disorder), respectively. Based on 
selection rules, these modes are forbidden in the case of samples having sufficient oxygen content. Thus, 
the number of oxygen atoms in the unit cell should be slightly lower than 7.0, since the CuO chain could 
start to become disordered and its inversion center symmetry is broken, and then the mentioned modes 
can appear [6].  
Figure 3 shows the surface morphologies of films at two different annealing temperatures. The 
differences between both pictures are evident. We can observe a better surface homogeneity at 860 ºC 
with regard to 820 ºC although many porous appear, in the first one, its morphology is related to the 
growth of two YBCO grains kinds: epitaxial and random, with a clear accord with the XRD results. 
Moreover, an interesting fact that we can observe at Fig. 3(b) is that pores seems to be associated to the 
presence of a-axis oriented grains [7], as displayed in the XRD pattern by the profiles (200) and (020). To 
understand this we should keep in mind that the growth rate is much faster in the a-planes than along c-
direction. On the other hand, the annealing temperature at 820 ºC manifests the formation of macro-
segregations which lead to the presence of secondary phases, such as: BaCuO2, or to the degradation of 
epitaxy with clear agreement with Raman and DRX results. 
The temperature dependence of the magnetic moment in the superconducting state of the samples 
measured under an external applied magnetic field of 1 kOe is shown in Fig. 4. According to the figure, 
the sample annealed at 820 ºC becomes diamagnetic form the onset temperature TC(onset)=70 K. 
Furthermore, no diamagnetic saturation is detected below this temperature up to 10 K, which might be 
caused by the presence of the secondary and the granularity of the sample discussed above. The 
irreversibility temperature Tirr temperature is determined in this work from the point in which the ZFC 
and FC signals separate. Thus, under Hext= 1 kOe, Tirr for the sample annealed at 820 ºC is 32K. In the 
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case of the sample annealed at 860 ºC, the TC(onset)= 90K. The enhancement on the TC indicates that most 
of the film is based on YBa2Cu3O7. The enhancement of the Tirr is also observed, which indicates that 
glass-liquid vortex transitions are reached a higher temperature. The fact that the superconducting 
samples consist on granular films, means that multiple weak Josephson junctions are formed which 
should be taken in to account when considering these samples for potential applications. 
a) 
b) 
Fig. 2 micro-Raman spectra of Y123 thin films onto LaAlO3 synthesized at a) 820 ºC and b) 860 ºC. 
 
 
Fig. 3 SEM micrographs of the samples after annealing at 820 ºC (left) and 860 ºC (right) 
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Fig. 4 Magnetic moment measurements as function of temperature (M(T)) for 820 ºC and 860 °C. 
4. Conclusions 
By following the chemical deposition described in this work, granular superconductors YBCO films 
are obtained. The decanted acetate solution can be driped directly to the LaAlO3 substrates and following 
annealing to obtain YBCO films. After coating, the best annealing temperature for sintering was 860 ºC 
from which the YBCO film (with TC(onset) = 90K) is obtained. This promising technique could be 
improved to obtain thick and large-area YBCO coatings..
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